Use of the Merci retriever is increasing as a means to reopen large intracranial arterial occlusions. We sought to determine whether there is an optimum number of retrieval attempts that yields the highest recanalization rates and after which the probability of success decreases.
T
he Merci retriever was the first device cleared by the US Food and Drug Administration for mechanical thrombectomy of intracranial occlusions, 1, 2 with more use in clinical practice than any other mechanical approach. The Merci retriever (Concentric Medical, Mountain View, California) is aimed at reopening large proximal intracranial arterial occlusions due to thromboembolism. Because the technique of mechanical thrombectomy is still in its infancy, ways to optimize its use and technical variables leading to success continue to emerge. One of these aspects centers on whether there is an optimum number of retrieval attempts that yields the highest recanalization rates for the average thromboembolic occlusion. Not uncommonly, our stroke team experiences cases of occlusions that are "resistant" to all recanalization attempts. Such an occlusion fails to recanalize regardless of the number of retrieval attempts. These instances may represent impacted and well-organized clot, underlying stenosis, or both. They may also signify iatrogenic uncorrectable injury to the vessel by the device. In such situations, mechanical thrombectomy alone tends to be unfruitful. In this article, we attempt to identify the optimum number of passes that usually reopens the typical arterial occlusion in acute ischemic stroke, essentially dichotomizing such occlusions from "resistant" ones. Exceeding this number might thus indicate to the operator that the probability of recanalization will decrease with increasing attempts.
Materials and Methods
All consecutive patients undergoing Merci retrieval for large-vessel occlusions were prospectively entered into the data base of our institution according to protocol approved by our local institutional review board. All patients or their proxies gave written informed consent. We included the intracranial ICA, the M1 segment of the MCA, and vertebrobasilar occlusions. Patients with tandem lesions were included if at least 1 of the occlusions involved the intracranial ICA, M1 segment of the MCA, or intracranial vertebral or basilar arteries.
We recorded the final AOL score from the angiogram. This system assigns a score of 0 to represent no recanalization; 1, incomplete or partial recanalization with no distal flow; 2, incomplete or partial recanalization with any distal flow; and 3, complete recanalization with any distal flow. 3 The number of retrieval attempts was then recorded from the report. If the report did not reflect the total number of attempts, the number of passes was deduced from the angiogram itself. The case was excluded if the report did not document the total number of passes and if the number of passes was unclear after reviewing the angiogram. If the final AOL score was the same as that achieved on a previous attempt, the sequential number of that previous interim pass was documented as the final outcome number of attempts and not the total documented number of passes. For instance, if an AOL score of 2 was achieved on the third recanalization attempt and 2 more interim passes were made to no avail, 3 was recorded as the final outcome number of attempts, not 5. If the interim AOL score achieved after each pass was not specified in the report, the angiogram was reviewed. If the interim score was unclear after angiogram review as well, the total number of passes was used.
In situations with tandem lesions, each target lesion was compared separately on the basis of where the retriever was deployed. For instance, if the retriever was deployed distal to an M1 occlusion when both an M1 and ICA thrombus were present and 3 passes were made in the same manner, 3 final outcome attempts were recorded for both the M1 and the ICA.
The patient's age, sex, and time to first retrieval attempt were compared between the groups with similar final AOL scores (0 -1 versus 2-3), as well as rate of pre-Merci use of intravenous and comcomitant infusion of intra-arterial thrombolytics (for this cohort, solely recombinant tissue plasminogen activator). We also compared the groups with respect to the premorbid medical conditions of hypertension, diabetes mellitus, dyslipidemia, peripheral vascular disease, and atrial fibrillation. Patients with tandem lesions were only included in these comparisons if both occlusions had similar final AOL scores.
We constructed a decision tree separating 3 possible outcomes per retrieval attempt: successful result with completion of the procedure (or continuation without further success), unsuccessful attempt but the procedure continued, and unsuccessful attempt with termination of the procedure (Fig 1) . From a decision-making perspective, we made 2 primary comparisons between the number of the pass and the recorded final AOL score to determine if an optimum number of attempts yielded the highest rate of AOL scores of 2 or 3. Following any given number of previous attempts, we first determined whether the prospective decision to proceed with a subsequent attempt could result in an improved recanalization result. Second, we performed an analysis of proportions to determine the odds of a prospective prespecified number of attempts resulting in a recanalization equivalent to that achieved by 6 attempts (the maximum number of attempts used in our cohort). In this comparison, the lowest number of attempts resulting in a rate of good recanalization that did not significantly differ from the rate following Ն1 attempt exceeding this number was then designated the "optimal" number.
We then separated the entire study group into 2 groups: those achieving good recanalization by the optimal number of attempts (optimal group) and those that did not recanalize or did so after more than the optimal number of attempts (suboptimal group). For tandem lesions, we included only those patients who were either optimal or suboptimal for both lesions. We compared the 2 groups with respect to demographic data, time to first retrieval attempt, and use of pre-Merci or concomitant thrombolytics. We compared the rate of procedural complications defined as blood or contrast extravasation into the subarachnoid space, intraventricular hemorrhage or air embolism on postretrieval CT, vessel rupture, dissection, and device fracture. The rate of parenchymal HT was compared between groups according to the previously established European Cooperative Acute Stroke Study definition. 4 Statistical analyses for categoric variables included the 2 test, the
Fisher exact test when cell sizes were small, and ORs for selected comparisons. Median values with IQR were calculated for the number of retrieval attempts and AOL scores. Unevenly distributed data were compared by using the Mann-Whitney U test. All analytic procedures were conducted in R, Version 2.8.0.
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Results
We identified a total of 97 patients with 115 proximal arterial occlusions. The median number of attempts per target vessel was 2.5 (IQR, 2), while the median final outcome AOL score was 2 (IQR, 2). There was no difference between the various final outcome AOL scores with respect to age, sex, premorbid medical history, time to first Merci pass, procedural complications, or use of concomitant intravenous or intra-arterial thrombolytics ( Table 1 ). The final outcome AOL scores are displayed with respect to each final outcome attempt number in Table 2 . The distribution of each AOL score (0 -3) by each final outcome attempt number (1-6) is displayed in Fig 2 . The results of the 2 primary comparisons were concordant. Up to 3 retrieval attempts correlated with AOL scores of 2 or 3. There was a substantial chance that proceeding to a third attempt would result in a better overall recanalization result than that achieved if the procedure was stopped after 2 attempts (65.2% versus 49.6%; OR, 1.90; 95% CI, 1.12-3.25). Proceeding to a fourth or any subsequent attempt would not produce an increased rate of AOL 2 or 3 scores (Table 3) . Similarly, there was a high likelihood that better recanalization would result from 6 attempts when compared with a prespeci- fied total of Յ2 pulls (Table 4 ; 73.9% versus 49.6%; OR, 2.88; 95% CI, 1.66 -5.02), but not a prespecified total of Յ3 pulls (73.9% versus 65.2%; OR, 1.51; 95% CI, 0.86 -2.66). Thus, the optimal number of attempts deduced by both primary comparisons was 3.
After separating the cohort into 2 new groups, those achieving good recanalization by 3 attempts and all others, we found no difference in demographic data, premorbid medical conditions, time to first Merci pass, or use of concomitant thrombolytics. Procedural complications occurred more frequently when Ն4 passes were attempted (42.4% versus 14.8%, P ϭ .006). Thirteen patients experienced parenchymal HT. This was evident on immediate postprocedural imaging in 3 cases, while the remainder experienced delayed parenchymal HT within the 72 hours following intervention. In most of a Eleven patients were not included because they were not able to undergo imaging 72 hours after intervention; none of these patients had HT on post-Merci CT; 7 of these patients had a poor final-outcome AOL score, while 4 had good final-outcome AOL scores. Seven of these patients underwent the optimal number of attempts, while 4 did not. Graph shows the number of attempts used to achieve final outcome AOL score.
Fig 3.
Graph shows aggregate odds that a given attempt number will recanalize. these cases, HT occurred between 24 and 48 hours after attempted thrombectomy. Parenchymal HT rates did not vary when groups were stratified according to final outcome AOL score or by the number of retrieval attempts.
Discussion
An optimal number of attempted retrievals with the Merci device has not yet been demonstrated. The initial Mechanical
Embolus Removal in Cerebral Ischemia trial was limited to 8 attempts per case, which remains the limit at our institution. However, experience has shown that less than this number is often necessary. After the first several pulls, the operator often has an idea whether the target occlusion will ever be successfully recanalized. Much of this is the sensation transmitted through the retriever as well as how and where the coils of the retriever unravel on repeated passes. Anecdotally, some cases of occlusions are suspected to be "resistant" when the transmitted sensation is "gritty" or when the retriever consistently unravels in the same location while stretching the entire vessel. These cases are likely responsible for most of those requiring more than the optimal number of passes and are ultimately unlikely to recanalize with mechanical thrombectomy alone. These instances may be ones involving impacted clot, underlying stenosis, or both. Alternatively, these "resistant" cases may represent iatrogenic injury. The device may cause dissection not detectable on angiography, or the endothelium may be injured and the natural anti-thrombogenic mechanism of the artery, disrupted, leading to ongoing in situ thrombosis. Because the optimal number of passes represents the ideal case of the typical embolic occlusion, exceeding this number may indicate that the operator is dealing with such a "resistant" occlusion. Knowledge of such an optimum number might thus signal a point of diminishing returns and increasing complications.
We demonstrated that 3 Merci retrieval attempts tended to yield improved recanalization. After 3 attempts have been made, there is low probability that a subsequent attempt will improve the recanalization result obtained after 3 passes. Similarly, attempting only Յ3 attempts prespecified at the start of an intervention will likely result in an equivalent outcome to a procedure with no imposed limit. Nearly one-third (18/57) of patients proceeding to 3 attempts experienced successful recanalization, contributing an additional 13% to the overall rate of success.
Examination of the rates of recanalization (Fig 3) with aggregated attempts corroborates our evidence that diminishing return appears to occur after 3 pulls. A good recanalization rate of 47.4% followed 2 attempts and 65.2% followed 3, while each subsequent attempt successfully produced only an additional 7%, 2%, and 1% of successful outcomes, respectively.
We demonstrated that the rate of procedural complications increased when the optimal number was exceeded, regardless of final recanalization. Thrombectomy with the Merci retriever can disrupt the endothelium, particularly when an impacted clot is in the M1 segment or beyond. In such a situation, the absence of any points of dural fixation allows the vessel to stretch and likely disrupts the basement membrane in the subarachnoid space. Although the most common finding on postthrombectomy CT scans is subarachnoid extravasation thought to be contrast material, this extravasation is likely to have a hemorrhagic component as well, and thus no difference was drawn between subarachnoid hemorrhage and contrast extravasation. The clinical significance of this postthrombectomy CT finding is unclear at this time. Similarly, because clinical outcome was not a measure in this study, it is unclear whether the higher rate of the other procedural complications of dissection, device fracture, intraventricular hemorrhage, and perforation had a significant impact on morbidity and mortality.
The optimal number we describe should be considered for each target lesion. As is sometimes the case, more proximal larger lesions (such as an ICA or basilar occlusion) tend to be less impacted and can be completely recanalized, 6 ,7 yet they produce distal embolism that subsequently requires follow-up mechanical retrieval. Similarly, tandem lesions may initially require a larger Merci retriever to clear the proximal thrombus to allow a smaller device to access the distal thrombus. We attempted to account for both of these situations in our analytic design. By counting the attempts per each target lesion, we can more accurately describe the thrombectomy characteristics of the individual lesion rather than the overall difficulty of revascularizing the patient, much as we are addressing the AOL score and not the overall reperfusion. Thus, in the situation in which a tandem ICA occlusion occurs proximal to an M1 stenosis with superimposed clot, analysis of the characteristically easier ICA recanalization would likely reveal a positive recanalization outcome and a corresponding lower number of attempts, while the more difficult, if not impossible, distal lesion might demonstrate less favorable results.
One angiographic aspect that was not a planned analysis in our comparison is the specific thrombus location in the subgroup that had occlusions involving the M1 segment. Authors have shown that the more proximal the MCA occlusion, the less likely it is to recanalize. 8 This finding may have had an unforeseen impact on our results if there was an uneven distribution of proximal M1 occlusions in the suboptimal group.
Our study is intended to characterize recanalization and not overall reperfusion and thus compares only the AOL score and not the Thrombolysis in Cerebral Ischemia grade. 9,10 Even though they conceptually complement one another, we chose to assess only the AOL score because it more accurately describes the success in retrieving or macerating thrombus at a given location. Although individual lesion characteristics are best described with the AOL score, its main weakness is the broad range of each score and poor correlation with overall reperfusion. 10 For instance, an AOL score of 2 can represent anywhere from sluggish antegrade flow score through a subocclusive thrombus to rapid distal perfusion in the presence of minimal residual thrombus.
Another inherent weakness that we could not correct for is a volume effect. The increasing volume at our institution during the past several years reflects the development of an extensive stroke network in the surrounding communities, mandatory diversion, and the rising public and Emergency Medical Service awareness of the availability of techniques such as mechanical thrombectomy. The annual number of strokes treated with the Merci device at our institution was 10 in 2003 and 25 in 2006. This potential volume effect may improve recanalization rates overall.
Although the same operators were involved for the entirety of the data-collection period, our study also does not account for improvements in thrombectomy technique and experience with time. Currently, our numbers are not large enough to detect improvement in recanalization results with time. Our study also does not account for advances in device technology such as those demonstrated in the Multi MERCI trial.
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Conclusions
We describe a dichotomy in the ease of recanalization of typical occlusions and more resistant ones and define an optimum number that differentiates these 2 groups. Because time is essential in acute stroke therapy, awareness of this difference may prompt the endovascular operator to consider switching to another means of revascularization such as intracranial angioplasty and/or stent placement when thrombectomy fails after the third pass.
